ECE 343: Signals and Systems
Final

1. When analyzing frequency modulation schemes, signals of the form z(t) = cos(3cos(2mat)) are frequently
encountered.

(a) x is periodic. Find the (smallest) period.

(b) Given that e/w°os(®) = $~°° ], (w)e’"?, where J,(w) is a Bessel function of the first kind', find
the Fourier series of z.

2. Eigenvectors.

(a) What does it mean for something to be an eigenvector? An eigenvalue? What are the eigenfunctions of
continuous time LTI systems?

(b) The Fourier transform takes a signal as input and outputs another signal. Is the FT a system? Is it an
LTI system? If it is not LTI, specify whether it fails linearity, time-invariance, or both.

(¢) Find the Fourier transform of x;(t) = te=mt",
(d) Is z; an eigenfunction of the Fourier transform? If so, what is the eigenvalue?
(e

) Find the Fourier transform of a5(t) = te=t".
(f) Is @2 an eigenfunction of the Fourier transform? If so, what is the eigenvalue?

3. Consider the LTI system governed by the differential equation d%zgy + G%y + 5y = 43‘% ok
(a) Find the impulse response of the system.
(b) Find the transfer function of the system.
(
(

c)
d) Find the output of the system if the input is e~
)

Is this system BIBO stable? Is it causal? Justify your answers.
2t

(e) Find the output of the system if the input is e™2!u(t).

4. Let z1[n] = 27" sin(¥n)u[n] and x2[n] = 27" sin(—Fn)u[n).

(a) Find the Z-transform of z;[n].
(b) Find the Z-transform of zy[n].
(¢) Explain why X;(z) = Xa(z).

5. (Bonus) Let z(t) = p(t)u(t), where p(t) is a Tp-periodic sawtooth wave.
t 0<t<Tp
t) =
p(®) {p(t +1p) else

Find the output of the system with the transfer function H(s) = (s-}-l) when z(t) is the input.

!No, you don’t need to know what a Bessel function (of any kind) is. They look somewhat like sinc pulses, but go like % instead

of % for large ¢.
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